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<zz— Minor F2 Z-shaped fold axis and (or) crenulation lineation;
arrow indicates direction of plunge

<ss— Minor F2 S-shaped fold axis and (or) crenulation lineation;
arrow indicates direction of plunge
Strike and dip of tectonic foliation

(may be combined with other symbols)

Penetrative tectonic foliation (undifferentiated); generally crystalloblastic
S1 (first-generation) cleavage in the Shuksan Suite; generally syn- to late-

metamorphic protomylonitic to mylonitic in Helena—Haystack mélange
meta-igneous rocks

—v— inclined
—— vertical

—v— inclined—may locally represent S2 or S3 foliation

hypersthene + augite and (or) olivine phenocrysts and rare biotite; each assemblage appears to have a generally
similar but distinctive dacite-clast trace-element geochemistry (Dragovich and others, 1999, 2000a,b,c,d; J. D.
Dragovich, Wash. Divn. of Geology and Earth Resources, unpub. data).

Kennedy Creek Assemblage

The Kennedy Creek assemblage (KCA) originated from Glacier Peak and flowed down the Sauk and
Stillaguamish River valleys about 5,100 to 5,400 yr B.P. (Beget, 1981, 1982; Dragovich and others, 1999,
2000a,b,c; J. D. Dragovich, Wash. Divn. of Geology and Earth Resources, unpub. data). The KCA forms a
prominent 15 to 25 ft (5—8 m) high terrace. Stratigraphic relations as well as geochemical and petrographic data
suggest that the assemblage resulted from inundation by lahar(s) that transformed into hyperconcentrated
flood(s) downstream through interaction with river water. This transformation is similar to the mechanism
envisioned by Pierson and Scott (1985) for similar Mount St. Helens deposits. Hyperconcentrated flood deposits
thicken to the west in the Stillaguamish River drainage as a result of this transformation. Subsequent fluvial
incision and channel migration locally reworked the top of the KCA. The KCA forms a flat divide between the
Sauk and Stillaguamish Rivers (Dragovich and others, 2002a). Beget (1981) suggested that the divide formed
during deposition of the latest Pleistocene White Chuck assemblage, diverting the Sauk River north to the Skagit
River east of the study area. (White Chuck volcanic inundation occurred during the close of the last glaciation,
when organic productivity was low and organic deposition was rare to nonexistent.) However, unit Qoa, which
underlies the volcanic sediments of the divide (cross sections A—A', B-B’), contains organic material at various
stratigraphic levels, implying quiescent post-glacial deposition representing much of the early Holocene.

sorted; thinly bedded or laminated. Silts and clays are dark gray, blue gray, and gray, weathering to
pale yellowish brown; 1 to 4 cm (0.4—1.6 in.) thick rhythmite bedding (varves?) common, normally
graded from sand to silty clay. Soft-sediment and (or) ice-shear deformational features are common
and include tilted and contorted bedding, overturned folds, and flame structures; overturned fold
geometries are consistent with ice shear during ice advance up the major river valleys. Underlain by
unit Qc, and locally overlain by and interbedded with unit Qga, (cross sections A—A’, B-B’).

Deposits of the Olympia Nonglacial Interval

Deposits of the Olympia nonglacial interval (Pleistocene) (cross-sections only)—Gravel, silty sand,
silt, silty clay, and peat, locally with disseminated organic material; logs or wood fragments are
common; typically compact, well-sorted, and very thinly to thickly bedded; represents fluvial and
swamp deposits from the last nonglacial interval.
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o o o o Recessional outwash, gravel (Pleistocene)—Sandy gravel, gravelly sand, and sandy cobbly Helena—Havstack Mélan r Havstack Terran
! ; GeOloglC Symb OlS Descrlpthn Of Map UnltS 90ge gravel locally with boulders; loose; subangular to subrounded; mixed local and Canadian clast clena=taystac clange o aystacik ferrane
o 5 :' ( 34 provenance with rare dacite clasts. The Haystack terrane of Whetten and others (1980, 1988) or the Helena—Haystack mélange of Tabor (1994) is a
! / N ---“%-+-...-+ Contact—Dashed where inferred; dotted where Field mapping of the Fortson 7.5-minute quadrangle was completed during the summers of 2001 and 2002. Field ‘ serpentinite-matrix mélange. U-Pb zircon ages obtained from meta-igneous rocks indicate a Jurassic age of about
] ; concealed; queried where location uncertain observations were supplemented by whole-rock and clast geochemical analyses, pumice and ash (glass) Qgos .Recessional ogtwash, sand (Pleistocene)—Sand; loose; §ubangular t.o subrounded; locally rich 160 to 170 Ma (Whetten and others, 1980, 1988; Dragovich and others, 1998, 1999, 2000a; Tabor and others,
\ Jphig s, /l\ microprobe analyses, radiocarbon dating, petrographic (thin section) analyses of bedrock, clasts, and mounted © | in pumice, dacite, and crystals and thus may locally grade into the White Chuck assemblage. 1988, in press; this study).
) . ‘f/ e -D-eeeees  Fault unknown offset—Dashed where inferred: Quaternary sands, and subsurface analyses using water wells and geotechnical borings. A copy the sample site ) )
Ecc / ’ dot te;l where concealed; queried where loca tiOI; map can be obtained by writing to Joe Dragovich at the Washington Division of Geology and Earth Resources, Qgode Deltaic outwash (Pleistocene)—Sand, sandy gravel, aIlld C(?bbly sandy gravel; .10056; Jmve, Greenstone (Jurassic)—Metabasalt to metadacite; rare meta-rhyolite; locally contains amygdules and
uncertain ’ PO Box 47007, Olympia, WA 98504-7007, joe.dragovich@wadnr.gov. Alphanumeric codes following color moderately to well.—sorte.d; ‘peds are commonly 5 m (16 ft) thick with planar foresefc beds in sets pillows; greenish gray, light olive gray, or grayish green; commonly nonfoliated; locally contains
descriptions refer to the Munsell rock color chart (Munsell Color, 1998) and are for dry samples. ten(s) of meters high dipping 25 to 30 degrees toward the valley; locally overlain by cobbly strong spaced cleavage. Relict augite and saussuritized plagioclase common; relict hornblende rare.
‘ gravel topset beds along a scoured contact; typically contains locally derived clasts of phyllite, Metamorphic minerals include albite, acicular actinolite, Fe- and Mg-pumpellyite, prehnite, lawsonite,
--------- Normal fault—Bar and bell on downthrown side; vein-quartz, greenstone, and sandstone mixed with clasts of Canadian provenance. stilpnomelane, aragonite, and calcite. Commonly hydrothermally altered; regional geochemistry
dushed where infered QUATERNARY SEDIMENTARY Recessional glaciolacustrine deposits (Pleistocene)—Silty clay, clay, silty sand, and sand with local suggests a mid-oceanic-ridge to oceanic-island-arc origin (Tabor, 1994; Tabor and others, in press;
= Normal right-lateral strike-slip fault—Bar and bell AND VOLCANIC DEPOSITS Qgle dropstones; gray to light gray; well-sorted; loose, soft, or stiff; nonstratified to laminated with ]s)tZZior\(;lsci}slt:rrlltd h?i[llz)egli’s 1998, 1999, 2000a). Commonly weathers out of serpentinite mélange matrix as
: on downthrown side; half arrows indicate relative rhythmite beds typically 1 cm (0.4 in) thick resembling varves; contains decimeter-wide sand dikes in '
apparent strike-slip motion Holocene Nonglacia] Deposits the Stillaguamish valley; probably formed in glacial lakes impounded by retreating glacial ice; locally . Metagabbro (Jurassic)—Medium-grained to rarely coarse-grained and uralitic; light greenish gray,
interfingers with recessional outwash. Jigbn olive gray, and dark greenish gray; nonfoliated to locally protomylonitic. Metamorphic minerals
DR Right-lateral strike-slip fault—Half arrows indicate Qa Alluvium, undivided (Holocene)—Gravel, gravelly sanq, sand, and cobbly gravel with rare boulders; Vashon Stad include acicular actinolite, epidote, chlorite, and pumpellyite with minor white mica, calcite, and (or)
relative apparent strike-slip motion; dashed where gray; subrounded to rounded clasts; loose, well-stratified, and well-sorted; plane-bedded sands ashon Stade aragonite. Recrystallization is partial and static. Dominant relict igneous minerals include
inferred % ;;Illtli’r(l)(l)lniolé):ﬁlly contains up to 030A) rc.sw.orked gray or .reddlsh. gray Glacier Peak. dacite with boulder 7 Iee contact deposits (Pleistocene)—Sandy gravel, gravelly sand, and bouldery cobbly gravel, locally .saussurltlzed and albitized plagioclase, augite and rare brown }}o.rnbler’lde, ophmc'or subophitic .rehct
y greater than 50% dacite; locally rich in granitic and (or) phyllite clasts. Overbank o . ; . . . igneous textures common. Commonly weathers out of serpentinite mélange matrix as steep resistant
deposits are mostly loose or soft to stiff, grayish brown to olive-gray stratified sand, fine sandy silt with interlayered beds of silty sand or sand; poorly to well-sorted; loose; boulders to 1.3 m (4.3 ft); hillock
v—v— v —v *% ¢ Thrust fault—Sawteeth on upper plate; dashed epOs! yo . » 8y . gray . . Y SUL typically clast-supported; rare flow and (or) ablation tills with a sand to silt matrix; beds are typically a HHOCKS.
where inferred; dotted where concealed silt, silty clay, and minor peat (unit Qp). Several radiocarbon ages from sticks in peat and organic decimeter to several m,eters thick. Contains near-ice structures, includin, 0\;erstee ened foreset . . . s e
sediments yield ages of less than 600 yr B.P. for Stillaguamish River alluvium. bodding. ice-shear folds. and kettles. and subhorizontal beds of fluvial out 5 b tvpi lp f unit Q u Ultramafite (Jurassic)—Serpentinite and minor silica-carbonate rock and rare peridotite or
. . g, 1ce-shear 1olds, and kettles, and subhorizontal beds of Huvial outwash typical of unit &go. n pyroxenite; ultramafite forms mélange matrix; serpentinite is dark green gray to greenish black and
rTr o Latest Pleistocene to HO]OCGHF fluvial Older alluvium (Holocene) (cross sections only)—Sand, gravel, cobbly gravel, silt, clay, and peat Clasts are of mixed Canadian (gran}te and Orthogne}ss locally ?50%) and local (.for example, weathers to pale green or distinctive dark yellowish orange; magnesite and silica-carbonate veins and
terrace—Hachures on scarp side e locally with abundant wood and organic matter (downed trees, shrubs, paleosols, and swampy gree.nschlst) provenance, locally contains clasts of Glacier Peak dacmi: (up to 20%, typ lca”,y 3-5%); bodies are very pale orange. Relict pyroxene and (or) olivine locally observed. Cretaceous to Tertiary
deposits) (cross sections A—A’, B-B'). Unit Qoa occurs below units Qvl, and Qvs, (mid-Holocene). dacite clasts are light to dark gray or pale red and up to 0.95 m (3 f1) wide; also locally contains lenses faulting locally imbricate the ultramafic rocks with rocks of the Easton Metamorphic Suite and (or)
The uppermost portion of unit Qoa commonly contains organic materials and is interpreted as a forest of pumice. Ice-contact deposits are richer in dacite and pumice than most recessional outwash; it is Chuckanut Formation (Tabor and others, 1988; Jones, 1959; this study).
Strike and dip of bedding buried by Glacier Peak volcanic deposits (unit Qul,) during the mid-Holocene. likely that some White Chuck assemblage detritus followed ice-marginal paths down the southern part
(may be combined with other symbols) of the Stillaguamish River during deglaciation (Dragovich and others, 2002b; J. D. Dragovich, Wash.
nelined (elacial and volcanic deposits only) it Alluvial fan deposits (Holocene)—Diamicton; massive to weakly stratified with angular to rounded, Divn. of Geology and Earth Resources, unpub. data). Abundance of gravel- to boulder-sized rip-up LOW-GRADE MESOZOIC METAMORPHIC ROCKS
—— 1nclined (glacial and volcanic deposits only locally derived clasts; mostly poorly sorted debris-flow or debris-torrent deposits, locally modified b clasts of glaciolacustrine clay suggest excavation of lake deposits by glacial-ice and (or) volcanic dam z
ﬂuvia}ll processes. Alluvial yf;)ns ni]ostly disconformably overlie glacial I())r Glacier lzleak Volcaniz breakout mechanisms; ice-contact deposits are inferred to locally interfinger with glaciolacustrine OF THE EASTERN MELANGE BELT
—r inclined—indicates foreset bedding (glacial and volcanic deposits only) deposits and locally interfinger with alluvium (units Qa and Qoa). deposits (unit Qgl,). . '
The rocks of the Eastern mélange belt (EMB) of Tabor and others (in press) occur south of the regionally
—r— inclined Landslide complexes (Holocene)—Boulders, cobbles, and gravel in a soft sand, silt, and (or) clay " Till (Pleistocene)—Nonstratified, compact, matrix-supported mixture of clay, silt, sand, and gravel in important Darrington—Devils Mountain fault zone, which traverses the study area. Tabor (1994) suggested that
Qs matrix; mostly poorly sorted and unstratified with locally derived angular to rounded clasts. Includes 9 | various proportions with disseminated cobbles and boulders; typically mottled dark yellowish brown the Eastern me¢lange belt may have been thrust over rocks of the Northwest Cascades System. Rocks of the
—— inclined—parallel to tectonic foliation deep-seated landslides such as slump-earthflows and a few of the most prominent debris slide and to brownish gray, grayish blue, or very dark gray; matrix consists of silty fine to coarse sand (% clay). Eastern mélange belt are metamorphosed to the prehnite-pumpellyite or perhaps the blueschist facies (Tabor and
talus or rockfall deposits. Scarps and deposits are mapped together as unit Qls. Includes clasts of Canadian and local provenance; up to 90% of clasts are locally derived and include others, in press).
angular to subangular phyllite or greenstone and rare Glacier Peak dacite. Till unconformably overlies
Trend and plunge of fold axes Holocene Glacial Deposits bedrock in elevated alpine settings and locally occurs in the low valley-bottom glacial terraces, thus Jars Meta-argillite (Jurassic)—Black; locally foliate with carbgnate concretipns gnd mino_r fmg-grained
(may be combined with other symbols) mantling topography. metasandstone interbeds; locally cut by deformed and brecciated metadacite dikes. Radiolarians from
Aloine i ” . L . a concretion directly south of study area are Middle to Late Jurassic (Tabor and others, in press).
: ) ) pine till (Holocene?)—Dark olive gray gravelly clayey sand or sandy pebbly diamicton with clasts . . .
<—+— Minor F1 (first-generation) fold axis; Qad of andesite and basalt derived from unit Ev. Diamicton interpreted as a Holocene alpine glacial deposit Qga, Advance outwash (Pleistocene)—Medium to coarse sand, pebbly sgnd, and sandy gravel with C 5  Triassicy M hosed desite. basali desi 4 daci
arrow indicates the direction of plunge but mav be Vashon till with abundant locally derived clast scattered lenses and layers of pebble-cobble gravel; locally contains fine silty sand, sandy silt, and clay reenstone ( urassic— l'laSSlC.)— etamorphosed pyroxene andesite, basaltic .an esite, and dacite
ut may be vasho with abundant focally derived ciasts. interbeds; well-sorted; compact. Subhorizontal bedding or cross-stratification prominent; localized JEmte | with minor diabase and gabbro; locally contains thin metasedimentary interbeds; dark gray or dusky
<+#— Minor F2 (second-generation) fold axis and (or) crenulation lineation; cut-and-fill structures and trough and ripple cross-beds. Mostly Canadian provenance, some locally green to greenish‘ black. Locally displays amygdaloidal flow tops, breccia, and tuff (Tabor and others,
arrow indicates direction of plunge Late Pleistocene and Holocene Glacier Peak derived clasts, and little or no Glacier Peak dacite. Interfingers with and conformably overlies unit 1988, in press; this study).
< M . . . . . Volcanic and Sedimentar Yy DePOSitS Qg|, as a resulF of glacial lake impoundment dur.ing ice gdvance up the Stillaguamish River valky; Marble (Triassic)—Mostly coarsely crystalline gray to white marble. A limestone pod directly south
inor F3 (third-generation) fold axis and (or) crenulation lineation; composite sections of advance outwash and glaciolacustrine deposits are up to 150 ft (46 m) thick. TFmbe D7 .
arrow indicates direction of plunge We correlate the volcanic assemblages in the study area with the Kennedy Creek and White Chuck assemblages Primarily fluvial in origin; based on stratigraphic relations including subsurface stratigraphy, some of the study area produced Late Triassic conodonts (Tabor and others, in press).
of Beget (1981, 1982) that inundated valleys during mid-Holocene and late Pleistocene eruptive episodes of advance outwash is inferred to be deltaic (cross sections A—A’, B-B’).
<#— Minor F2 M-shaped fold axis and (or) crenulation lineation; Glacier Peak. These deposits are exposed as terraces with age increasing with elevation. For example, White
arrow indicates direction of plunge Chuck assemblage terraces are typically up to 80 ft (24 m) above the modern flood plain and are higher than later Qg Afivance glaciolacustrine deposits ('Pleistocene)—Cl.ay, clay?y silt, silt, silty clay, and silty ﬁne sand .
volcanic assemblages. Glacier Peak dacite is homogeneous and contains plagioclase, hornblende, and " | with local dropstones; locally contains fine- to medium-grained sand lenses and beds; stiff; well- References Clted
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—0— vertical—may locally represent S2 or S3 foliation Therefore, we associate formation of this divide with deposition of the mid-Holocene KCA rather than the White Ev Volcanic rocks (E.oc.ene)—Nonmarme bgsalt, andesite, and dacite Wlt,h minor rhyolite, volcanic glaciomarine deposition and isostatic rebound, northern Puget Lowland, Washington: Geological Society of
Chuck assemblace sandstone, crystal lithic tuff, and tuff breccia; mostly pale brown or brownish red or pale to dark green America Bulletin, v. 107, no. 11, p. 1288-1303
Strongly developed semi-penetrative to locally penetrative S2 (second-generation) 5 gray to ‘?afk gray; includes flows, dikes, and pyroglastic and VOlc,a,niCIa,Stic rocks; .fe,ISiC tuffs are white, Dragovich, J. D.; Gil{)eﬁson: L. A., Liﬁgley, W. S.,' Jr.; Polenz, Michael; Glenn, Jennifer, 2002a, Geologic map of
axial plane foliation or F2 axial plane Volcanic sediments, undivided (Holocene)—Hyperconcentrated flood deposits, lahars, and volcanic weathering to tan. Textures vary from aphyric to porphyritic with trachyitic textures locally the Darrington 7.5-minute quadrangle, Skagit and Snohomish Counties, Washington: Washington Division of
i ) P Qusk alluvium; medium- to coarse-grained sand and thick beds of gravelly sand and cobbly sandy gravel; conspicuous, abundapt plagioclase and I?SS common augite agd (or.) p 1geon1te.phenoc.rysts.. FIQWS Geology and Earth Resources Open File Report 2002-7, 1 sheet, scale 1:24,000.

5 bar —v— inclined loose; dacite-rich. Locally contains lahar beds of silty sandy gravel with few cobbles and boulders; commonly amygdalmdal; common alteratl(?n minerals include dlssemmat?d chlorlfce, calc.lte, limonite, Dragovich, J. D.; Gilbertson, L. A.; Norman, D. K.; Anderson, Garth; Petro, G. T., 2002b, Geologic map of the
’Si 0y % these beds are similar to unit Qvl,, but are too thin (0.5-2 m or 1.5-6 ft) to separate at map scale; some quartz, prehnite, sulfides, and epidote. Middle to late Eocene and possibly earliest Oligocene age; Utsalady and Conway 7.5-minute quadrangles, Skagit, Snohomish, and Island Counties, Washington:

T 33N 5§k J ] _JSH 2 T 33N, F2 axial plane (no S2 foliation) lahars occur within granular hyperconcentrated flow deposits (this study; J. D. Dragovich, Wash. Divn. probably unconforrpably over hes.the Chuckanut Formation (Jones, 1959; Tabor and others, 1988, in Washington Division of Geology and Earth Resources Open File Report 2002-5, 1 sheet, scale 1:24,000.
TN T \‘iNHOM}g o T.32N. of Geology and Earth Resources, unpub. data). Locally capped by reworked light brownish gray to press; Evans and Ristow, 1994; this study). Dragovich, J. D.; McKay, D. T., Jr.; Dethier, D. P.; Beget, J. E., 2000b, Holocene Glacier Peak lahar deposits in

A\ ',. +—— inclined light yellowish brown ash (10YR 6/2, 6/4, 7/1, 2.5YR 6/3) or ash with scattered lenses of pumice Intrusive andesite (Eocene)—Andesite dikes: porphyritic: light brown, dark green, or dark greenish the lower Skagit River Valley, Washington: Washington Geology, v. 28, no. 1/2, p. 19-21, 59.

ol lapilli. Clasts include 70% to 98% light gray to gray (GLEY 1 5/N-7/N) dacite locally with scattered Eian gray; phenocrysts include quartz and plagiocla’sel? (;{)bii]e to ;mdgesine) loc,ally w%th h(;rnblen de gan d (or) Dragovich, J. D.; McKay, D. T., Jr.; Dethier, D. P.; Beget, J. E., 2000d, Voluminous laharic inundation of the

—o— vertica dark GLEY 1 2.5/N-4/N) and altered pale red to dark reddish dacite (10YR 5/2, 10R 3/1 ] . . . . . el . it Ri i — i id- i i
7/azr 6%r2a}é/(3). locally contains )u;rico Zoizepeﬁz (;;elowo V:rry ;Zle 1§rovgvr;1yligahct1 ;rgy white Z)r pinkisli augite; common alteration minerals include disseminated chlorite, quartz, zeolites, sulfides, and LO\;VSE: dSi( E[lagl;tst}r:;/te]r (\'/}2](1,?(};’ ix?sgézig;?no fI:rséziz(i;sirici]snglifh1?’%6:r;nri Hogozcel?s 6Gla01/§r lIl’eak eruptive

5 - s 5 5 5 5 . . . . . . . ! N %% , V. . .0, p. A- .

Strongly developed semi-penetrative to locally penetrative S3 (third-generation) white pumice (GLEY 1 5/N-8/N, 2.5YR 8/1-8/2, 10YR 5/1, 7/2, 8/1-8/3) as lenses or scattered clasts. Cozlllicglct);n/zlitr}ll(;zil;nrilo;slrfecgiZsjritligé dg;t;f) Séili\;:: fi ride;;:z\;s(]g;z:a%}; 9].5?110;16; 3n;1 possibly early Dragrc;vich, J. D.; Norman, D% K.; Ander};on, Garth, 2000a, Interpreted geologic history ofpthe Sedro-Woolley

axial plane foliation or F3 axial plane Locally contains cobble- to boulder-sized rip-up clasts of silt and (or) clay that were probably eroded Y b ’ ’ uay). North and L 7.5-mi i i . i ivisi

yman 7.5-minute quadrangles, western Skagit County, Washington: Washington Division of
o from deposits mapped near Glacier Peak by Beget (1981) as sediments of volcanically dammed lakes. . . Geology and Earth Resources Open File Report 2000-1, 71 p., 1 plate.

—v— inclined Nonlahar beds are typically nongraded to crudely graded and nonstratified; locally contains weak Sedimentary Rocks of the Chuckanut Formation Dragovich, J. D.; Norman, D. K.; Grisamer, C. L.; Logan, R. L.; Anderson, Garth, 1998, Geologic map and
horizontal stratification, plane bedding, and cross bedding including rare antidunes. Stratigraphy and ) ) ) ) ) interpreted geologic history of the Bow and Alger 7.5-minute quadrangles, western Skagit County,
clast compositions indicate both fluvial and hyperconcentrated flood depositional mechanisms for the The 1,700 to 2,250 m (55807380 ft) thick Coal Mountain unit of the Chuckanut Formation (Evans and Ristow, Washington: Washington Division of Geology and Earth Resources Open File Report 98-5, 80 p., 3 plates.

Strike and dip.of fra?tures and joints nonlaharic sediments. Reworked terrace-capping tephra probably represents one or more waning flood 1994) is .eaﬂy to e;arly middle Eocene in age and is unconfo@ably overlain by the ~1,7OQ m (5.580 ft) thick Dragovich, J. D.; Norman, D. K.; Lapen, T. J.; Anderson, Garth, 1999, Geologic map of the Sedro-Woolley

(may be combined with other symbols) deposits. Locally divided into: Mount Higgins unit of the Chuckanut Formatlon (Evaps and Rlsttow{ 1994). The Mount Higgins unit is probably North and Lyman 7.5-minute quadrangles, western Skagit County, Washington: Washington Division of

. . - ‘ . . unconformably overlain by Eocene volcanic rocks (unit Ev) and is middle Eocene in age. (Also see Tabor, 1994.) Geology and Earth Resources Open File Report 99-3, 37 p., 4 plates.
Joint, undifferentiate vl Non-cohesive lahar (Holocene)—Silty sandy g'ravel to gravelly sz.md locally with cobbles gnd Coal Mountain unit (Eocene)Feldspathic fluvial sandstone with lesser conglomerate, mudstone Dragovich, J. D.; Troost, M. L.; Norman, D. K.; Anderson, Garth; Cass, Jason; Gilbertson, L. A.; McKay, D. T.,
- lined rare boulders up to 1 m (3 ft); ciomp.act;‘dacue—rlch with clasts typically 1 to 2 cm (0_~4_0-8 %n.) ECH siltstone. and coal: thick fo ve thirlzl bedded: well-sorted: clasts are roui ded to sfubroun de d? Jr., 2000¢, Geologic map of the Anacortes South and La Conner 7.5-minute quadrangles, Skagit and Island
=— Ihcline but locally 10 to 30 cm (4-12 in.) in size. Very pale brown (10YR 7/3) lahar matrix consists IR Ve Y 7 N . : o) Counties, Washington: Washington Division of Geology and Earth Resources Open File Report 2000-6, 4
mostly of reworked pyroclasts of fine to coarse ash with crystals of hornblende, hypersthene, sandstone is micaceous, medlum.- to coarse-grained, and plagl(.)cl'flse—rlch, and contains about 1.0A> sheets. scale 1:24.000.
Subsidiary minor fault or slickensided fracture plane plagioclase, quartz, and rare augite, with ViEI‘iC fragments and fragments Of dacite. Dacite clasts E;Z'f\?glizg’hg 113)11; (}TEOS;;}’ p&zlaltlﬁz)rizlastts’vseinds;(;:e_:llllgii I)itlt?r;‘sv Eb?[l;:)j}ll' Csrzzissgggisnarerillg?; Evans, J. E.; Ristow, R. J., Jr., 1994, Depositional history of the southeastern outcrop belt of the Chuckanut
L are angular to subangular, abundant (80-98% of clast component), and vesicular to locally non- VIISh gray Eht gray, W § tovery paie y . ; HTOUEh ¢TI0 & TIPP Formation—Implications for the Darrington—Devil's Mountain and Straight Creek fault zones, Washington
—=— inclined vesicular; some frothy flow banding; mostly gray (GLEY 1 5/N-6N) with some scattered altered lam.matlon, or plane .1am1nat10n common in the cozflrse-gramed beds. Fine-grained beds cgntam (U.S.A.): Canadian Journal of Earth Sciences, v. 31, no. 12, p. 1727-1743.
vertical reddish gray dacite (2.5Y 6/2) and pa.lle ye.llow, pale brown, anq pink pumice .(IOYR 8./2, 10R llzrgilﬁa]tzf)orﬁgiztz?ﬁérrslpseS;eggtfhfssstti dar;d plant fossils (Johnson, 1982, 1984a,b; Evans and Ristow, Foit, F. F., Jr.; Mehringer, P. J., Jr.; Sheppard, J. C., 1993, Age, distribution, and stratigraphy of Glacier Peak
—égé\ 8 8/3). Unit also contains rare boulder-sized rip-up clasts of lacustrine clay and minor exotic clasts ’ » 1 Press, ) tephra in eastern Washington and western Montana, United States: Canadian Journal of Earth Sciences, v. 30,
B of granite, phyllite, and vein quartz. Nonstratified deposits with weak normal grading occur near Mount Higei it (E ) Feldspathic to lithofeldspathic fluvial dst st d no. 3, p. 535-552
idi i . . . o . ount Higgins uni ocene)—Feldspathic to lithofeldspathic fluvial sandstone, siltstone, an St :
Subsidiary fault (commonly with gouge zone) the top of the deposit. Commonly contains dc?watgrlng and (or) gas-escape pipes; rarely contains Ech mudstone gvgith minor conglomerate coaII) and altered tuff (bi ntonite); sandstone-shale ratio is about Gallagher, M. P.; Brown, E. H.; Walker, N. W., 1988, A new structural and tectonic interpretation of the western
— inclined cmg§ly deﬁnled, mete?r-scfallle horizontal strgtlﬁcatllon deﬁn.ed by (;oarse-talé (gravehand ;o]l;)b(lie) 21 Cross’-bedding laminated mudst’one ;ymmetrical ripple marks m’udcracks leaf litter layers, sole part of the Shuksan blueschist terrane, northwestern Washington: Geological Society of America Bulletin, v.
rading; rarely contains flame structures, internal truncation surfaces, and very thin ash beds. o ’ ’ S > > ’ .
I%aleorr%agnetizanalysis of dacite clasts (J. Ladd, Western Wash. Univ writtenr(}:/ommun 2002) marks, and paleosols locally observed. The Mount Higgins unit is differentiated from the Coal 100, no. 9, p. 1415 1_422' Lo
ts d iti hot lahar. Alth .hb ; t ob ' d d N it to b v " Mountain unit by increased amounts of polycrystalline quartz, chert, and sedimentary lithic fragments Haugerud, R. A’ M,Om,son’ M. L.; Brown, E. H., 1981, Structural and metamorphic hlsto'ry of the Shuk‘san
Trend and plunge of tectonic lineations BB D 8 B s B Ve € e o s Y in sandstones (Johnson, 1982, 1984a,b; Evans and Ristow, 1994; Tabor and others, in press; this Metamorphic Suite in the Mount Watson and Gee Point areas, North Cascades, Washington: Geological
plung latlerally cogtmuous afnd may be ash thick Zs 15 m (49 ft) (crc}>lss sec‘ﬁons A—A’f, (]?—Eli’); overéam bi study) ’ ’ > ’ ’ » 1 PIess; Society of America Bulletin, v. 92, no. 6, Part I, p. 374-383.
volcanic sediments of unit Qvs, (this study; J. D. Dragovich, Wash. Divn. of Geology and Eart : ; ; ; ; ;
Lineation, undifferentiated (mostly stretching lineations and crenulation Resources, unpub, data) i ( y g gy Johnson, S. Y., 1982, Str.atlgr.aphy_, sedlmentglogy, and tectonic _settmg of thf: Eocene Chuckanut Formation,
lineations; rarely pencil lineations, slickenlines, or boudins); arrow indicates ’ ' ' northwest Washington: Un}versnyv of Was'hmgton_ Doc':tor of Phllosophy 'th§51s, 221. p., 4 plates. ‘
517 ol direction of plunge White Chuck A bl MESOZOIC LOW-GRADE METAMORPHIC ROCKS Johnson, S. Y., 1984a, Cyclic fluvial sedimentation in a rapidly subsiding basin, northwest Washington:
White Horse ite Chuck Assemblage BLUESCHIST FACIES Sedimentary Geology, v. 38, no. 1-4, p. 361-391.
<«— inclined . ) ) ) . ( U ) Johnson, S. Y., 1984b, Stratigraphy, age, and paleogeography of the Eocene Chuckanut Formation, northwest
InClne The White Chuck assemblage resulted from Glacier Peak eruptions during Fraser deglaciation (~11,200-12,700 Washington: Canadian Journal of Earth Sciences, v. 21, no. 1, p. 92-106
o o L yr B.P.) (Beget, 1981, 1982; Porter, 1978; Foit and others, 1993). Deposits of the White Chuck assemblage Thrust-faulting and nappe formation in the Northwest Cascades System occurred in the Cretaceous (~110-90 ' . L ' . T o
Stretching lineation; arrow indicates direction of plunge commonly overlie dacite-poor recessional outwash of unit Qgo M B g 1921; Wh . licated b yh' neansle Tort ol th( East Jones, R. W.,, 1959, Geology of the Finney Peak area, northern Cascades of Washington: University of
y p e Ma) (see o f(éW.n» o )-Sh " cre not comp 1caue y]'you}?gg 1g 1—(ang c e; 1aryl au mlg, ) c fasl on Washington Doctor of Philosophy thesis, 186 p., 2 plates.
L ) etamorphic Suite of the Shuksan nappe structurally overlies the Haystack terrane along low-angle thrust taults. ; ; ; e ; ;
<— inclined Volcanic sediments, undivided (late Pleistocene)—Hyperconcentrated flood deposits, lahars, and Morrison, M. L., 1977, Structure and stratlgr'aphy of the Shuksan Metamorphlc Suite n the Gee Point Finney
Qvsw . . . . ) . Peak area, North Cascades: Western Washington State College Master of Science thesis, 69 p., 1 plate.
volcanic alluvium; medium- to coarse-grained sand, sandy gravel, and cobbly sandy gravel; loose; E M hic Sui f the Shuk N M 1l Color. 1998. M 1 soil color charts: hable ed - G Macbeth. 1
dacite-rich. Lahars consist of poorly sorted, nonstratified gravelly silty sand and silty sandy gravel aston Metamorphic Suite o ¢ uksan INappe P unlseF do ;)r,. D h" 111;]5; 1830] C}? Io)r %?rs[’. rev(.iv&./]aspalgege; S ;'etggl acl et' v £ the Port T. 430

Trend and plunge of current flow direction indicators with some cobbles and scattered boulders up to 44 cm (17 in.). Volcanic alluvium and . . . . . L essl, kred, L. ethier, D. .; Booth, D. B.; Minar DT 7> SUINICIAL §COI0SIC MAP O the Port ownsend 54

flutes. pebble imbrications. etc. . . . N N . . The Easton Metamorphic Suite of Tabor and others (1994) includes the Darrington Phyllite, semischist of Mount by 60-minute quadrangle, Puget Sound region, Washington: U.S. Geological Survey Miscellaneous

( > P , etc.) hyperconcentrated flood deposits typically contain 50% to 95% white and light to dark gray (GLEY . . . . . . i .
4/N-8/N) or altered reddish gray or weak red (10R 6/1, 10R 4/3) dacite, commonly with white (10YR Josephine, and the Shuksan Greenschist. These units are interlayered on mountain to outcrop scales and are Investigations Series Map 1-1198-F, 1 sheet, scale 1:100,000, with 13 p. text.

inclin . ) gray ’ . . Y interpreted to be oceanic crust (Shuksan Greenschist and part of the Darrington Phyllite) and submarine fan Pierson, T. C.; Scott, K. M., 1985, Downstream dilution of a lahar—Transition from debris flow to
< clined 8/1) to pinkish white or pale yellow to very pale brown pumice (2.5Y 8/2; 10YR 7/4, 8/2-8/3) (up to . . . o . N .
16 cm or 6.3 in.) that locally constitutes up to 50% of the clasts: also contain pumice lenses, cobble to deposits (part of the Darrington Phyllite and the semischist of Mount Josephine). Semischist and phyllite are hyperconcentrated streamflow: Water Resources Research, v. 21, no. 10, p. 1,511-1,524.
boulder rip.—up .clasts of lacustrine or glaciolacustrine clay, an (i clasts of White Chuck vit;ic welded locally interlayered on a scale of millimeters to meters; these are interpreted as distal turbidite and basin-plain Porter, S. C., 1978, Glacier Peak tephra in the north Cascade Range, Washington—Stratigraphy, distribution, and
tuff. Deposits vary from massive, crudely graded, or We;kly horizontally stratified to rarely well- deposits. Shuksan Greenschist is mostly mid-oceanic-ridge metabasalt. Rocks of the Easton suite typically have a relationship to late-glacial events: Quaternary Research, v. 10, no. 1, p. 30-41.
Well and BOl'ehOle S mbOlS stratified with plane o cross bed ding (this stu dy" Beget, 1981: J. D. Dragovich, Wash. Divn. of penetrative S1 (first-generation) foliation, with bedding transposed subparallel to S1 and abundant quartz Porter, S. C.; Swanson, T. W., 1998, Radiocarbon age constraints on rates of advance and retreat of the Puget
y Geology and Earth Resources, unpub. data) Locall’ divi de’d into: T ’ ' ' segregation along S1. The Easton Metamorphic Suite is probably Jurassic (Armstrong and Misch, 1987; Brown lobe of the Cordilleran ice sheet during the last glaciation: Quaternary Research, v. 50, no. 3, p. 205-213.
o Wat 1 &gy > Unpud: ’ y ’ and others, 1982; Brown, 1986, 1987; Gallagher and others, 1988; Tabor and others, 1994; Dragovich and others, Tabor, R. W., 1994, Late Mesozoic and possible early Tertiary accretion in western Washington State—The
aterwe o Non-cohesive lahar (late Pleistocene)—Cobbly to locally bouldery gravelly sand commonly 1998, 1999, 2000a). Helens_lfHaystack mélange and the Darrington-Devils Mountain fault zone: Geological Society of America
Washington State Department of Transportation geotechnical borehole " | with a trace of ash; compact; light reddish brown; dacite-rich; dacite clasts up to 55 cm (22 in.); Bulletin, v. 106, no. 2, p. 217-232, 1 plate.
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pumice clasts up to 4 cm (1.5 in.) and commonly flow-banded. Matrix composed of crystal-
vitric fine to coarse sand with hornblende, quartz, plagioclase, pumiceous ash, and pumice.
Dacite composes 60% to 95% of the gravel and cobble component and is white and light to dark

Darrington Phyllite and (or) semischist of Mount Josephine (Jurassic)—Metasediments of the
Shuksan nappe are divided into three map units on the basis of the percentage of interbedded phyllite
and semischist:

Tabor, R. W.; Booth, D. B.; Vance, J. A.; Ford, A. B., in press, Geologic map of the Sauk River 30" by 60’
quadrangle, Washington: U.S. Geological Survey Miscellaneous Investigations Map 1-2592, 2 sheets, scale
1:100,000, with 64 p. text.

1 0 1 MILE . . - daci Tabor, R. W.; Booth, D. B.; Vance, J. A.; Ford, A. B.; Ort, M. H., 1988, Prelimi logi f the Sauk
Washinglon oordinate systr, south one ., : Snohomish County geotechnical borehole gray (GLEY | ANEIN, 25 81§12 and less commonly weak red (10R 473 dacie clsts are 90-100% Darrngton Phlite " River 30 by 60 minite quadrangle, Washington: U.S. Gieological Survey Open-File Report 88-692. 50 p., 2
Base map information from the Washington Department of mostly angular and vesicular with flow banding in some clasts. Locally abundant brown to very Jphg (0-10% semischist of Mount Josephine) v y ute qu gle, gton: U.»S. g urvey Up p , dUp.,
Natural Resources, Geographic Information System 1997 oo 0 1000 2000 %000 4990 5000 000  TODOFEET pale brown and pink to white (10YR 8/2-8/4; 7.5YR 5/3, 8/4, SYR 8/1) pumice concentrated plates. - .
Digital Cartography by Anne C. Heinitz and Donald T. McKay, Jr. near the top of the lahar. Rare gravel- to boulder-sized rip-up clasts of clay or clay with scattered 50-90% Darrington Phyllite Tabor, R. W.; Haugerud, R. A.; Booth, D. B.; Brown, E. H., 1994, Preliminary geologic map of the Mount Baker
1}_{ I 0 1 KILOMETER gravel (probable dropstones) and rounded to subrounded clasts of granite, phyllite, and vein Jphg; (10-50% semischist of Mount Josephine) 30- by 60-minute quadrangle, Washington: U.S. Geological Survey Open-File Report 94-403, 5§ p., 2 plates.
WEST EAST quartz. Mostly nonstratified with weak normal grading near the top; symmetrical coarse-tail Whetten, J. T.; Carroll, P. L; Gov_ver, H. D.; Brown, E. H.; Pessl, Fre'd, Jr., 1988, Bedrock geologlc.map of the
A contour interval 100 feet °_ s A’ grading. Commonly overlies recessional outwash. Thin reworked(?) ash beds at contact with T 0-50% Darrington Phyllite Po_rt Townsend 30- by '60-m1nuFe quadrangle, Puget Sound region, Washington: U.S. Geological Survey
S 22 g_g outwash at a few localities. Deposit ~1.5 m (5 ft) to perhaps locally 20 m (70 ft) thick (cross Phjd (50-100% semischist of Mount Josephine) Miscellaneous Investigations Series Map 1-1198-G, 1 sheet, scale 1:100,000.
600 — 85 50 5% — 600 section B-B). Whetten, J. T.; Zartman, R. E.; Blakely, R. J.; Jones, D. L., 1980, Allochthonous Jurassic ophiolite in northwest
§§ Ec - gi Darrington Phyllite consists of sericite-graphite-albite-quartz phyllite to graphitic quartz phyllite Washington: Geological Society of America Bulletin, v. 91, no. 6, p. I 359-1 368.
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cc i © @ 5 . . . . (metashale or metasiltstone) with rare interbeds of micaceous quartzite (metachert) and albite schist;
550 — S f% . == o o o 4— 550 Pleistocene Glacial and Nonglacial Deposits some phyllite is bluish black to black due to disseminated graphite (relict organic matter); silver-
= 5 7o 8 % 8 = a Q Glacial D it the F Glaciati colored phyllites are muscovite rich; metamorphic minerals include chlorite, epidote, muscovite,
) 2 $ 3 E= ¢ & s Qvsk acial Deposits of the Fraser Glaciation lawsonite, and rare garnet; large albite porphyroblasts observed locally. Phyllites characteristically Acknowledgments
500 — S ) s s o] = / L 500 ) o . . B . . .
~N X 2 & S § o o ® ~ R ?rg < Deposits of the Vashon Stade and Everson Interstade of the Fraser Glaciation of Armstrong and others (1965) disp lay two to locally three generations (,)f folding. Th? secgnd generation of folding (F2) is the most
a g é = = §0 g § N % § s “ “ Qvik pumice £y occur throughout the study area. Vashon Stade continental ice advanced up the Skagit, Sauk, and Stillaguamish consplcqous‘and commonly has a spbhorlzoptal fold axis oriented west-northvyest or east-southeast. We thank Franklin “Nick” Foit of Washington State University (WSU) for microprobe analysis of pumice and
3 < > E A o = N © s A o < River valleys about 15,500 to 15,000 yr B.P., blocking the major river valleys and forming temporary lakes in Semischist of Mount Josephine consists of lithic-subquartzose semischistose sandstone or dacite; Diane Johnson and Charles Knaack (WSU geochemistry laboratory) for geochemical sample analysis;
E‘ 450 g S S §0 Qa | VoI Q o 2 = Qa Qoa wood o & front of the advancing ice. Vashon ice covered the entire study area until about 14,000 yr B.P. The maximum feldspathlc metawacke; rare metacongl.omerate; light green gray, green gray, medium gray, 3l}d light Jerry Ladd (Western Washington Univ.) for sharing preliminary results of dacite-clast paleomagnetic analysis;
1= Qvsk 5 a g - = Q & d @ S 3 B T EAERAES [ 1A £ extent of the Fraser continental ice lobe is mapped near the study area, directly east of Darrington (Tabor and bluish gray. Semischist typically contains abundant stretched relict sand grains of polycrystalline and Chuck Lindsey (GeoEngineers, Inc.) and Jeff Jones (Snohomish County) for providing geotechnical boring logs;
S = a = = = . - ’ i ; it ; i . R, . . . . . . AP .
g 400 § Qoa Qa Qaf 9 Qa 3 2 3 = “ m‘k ﬁ Qoa e Qgoe Qgty — 100 = others, in press). Deglaciation commenced about 13,500 yr B.P. and the map area was probably fully deglaciated n.lor.locrystallme quartz, alblqzed plaglocl.ase, and sparse lithic ﬁagments, metamorphic minerals are ngland Tabor (U.S. Geologlf:al Survey emeritus) for. enlightening discussions and provuﬁng a draft gf his Sa}lk
= N qun\lllféN = “ r‘u-—?— & Qgav k/’_ Qgty 1 B = by about 11,500 yr B.P. (Porter and Swanson, 1998; Dethier and others, 1995; Pessl and others, 1989). Ice ilmjal_“ to those of the l?arrcllngtlr(lm P lllylhtel(Jonezs, 1959; Morrison, 1977; Tabor and others, 1988, River 1:100,000-scale geologic map; Jim Beget (Univ. of Alaska) for helpful conversations regarding Glacier
“ ‘ \ <\\ Qgay Qgav occupation in the study area appears likely during deposition of at least part of the White Chuck assemblage 994, in press; Dragovich and others, 1998, 1999, 20002). Pezkﬂclleposns, Cynthia Garltrdner (U.S..Geol((i)glcal S(;lr::y, Sascade Votlcano Obsetrvagif}’) for Te‘lftlewmg tfhe f:}llapa
| Qga ( ‘ - B (units Qvs,, and Qvl,). . . . . o and the numerous property owners in and around the study area for access to their property and for their
350 Qgtv 1 % v Qglv = Qgly 350 Jshe .Shuksan.Greenschlst (Jurass1§)—M0stly well-recrystallized metgbgsalt, st.ron.gly S1 foliated; 1oca1.1y cheerfulness. Thanks also to Washington Division of Geology and Earth Resources staff members Josh Logan
anvx Wwood % B ol Qgly Everson Interstade includes 1ron- and rpanganese—rlch quartzne.(metachert) and g.raphltlc phyllite 1nterlayer§; greenschist and Pat Pringle for map reviews; Anne Heinitz, Mac McKay, Keith Ikerd, and Chuck Caruthers for cartographic
k Qgav Qgly . 9v locally contains epidote segregations or primary layers and is mostly shades of greenish gray and support on the map; Karen Meyers and Jari Roloff for editorial help; Connie Manson and Lee Walkling for
300 7 Qco g |~ 300 Recessional outwash (Pleistocene)—Sand, sandy gravel, gravelly sand, and sandy cobbly gravel with weathers to light olive gray; blueschist is bluish gray to bluish green. Greenschist commonly layered assistance with references; and Diane Frederickson, Tara Salzer, and Jan Allen for clerical support.
S e Qco Q% Qgoe some boulders; loose, braided river to locally deltaic deposits; clasts are subrounded and commonly on a centimeter scale; 5.1 foliation andlllayering are 'c.ommonly. folded on an outcrop scale. Relict
Qco polymictic with locally abundant granite and locally derived subangular phyllite and vein quartz; rare igneous minerals locally include saussuritized and albitized plagioclase laths, actinolized hornblende,
vertical exaggeration 20x interlayered thin to laminated beds of sandy silt and silt. Locally contains rip-up clasts of glacial lake and rare clin(?pyroxene. Metarporphic miperals inclu.de albite, acftinolite, epidote, and chlor.ite With
. deposits. Non- to well-stratified; meter-thick, subhorizontal beds commonly crudely defined by lesser lawsonite, Mg-pumpellyite, muscovite, spessartine, and calcite. In rocks of the appropriate iron
Measured section 6 of Beget (1982) _ . . variations in cobble, gravel, and sand content; pebble imbrication, scour, and local low-amplitude cqmposition and ogidation.state, Na—amphibole' (f(.)r example, crossit.e) replaces .actinolite as the
Stream cut along French Creek, 150 m (492 fi) north of State Highway 530 and WEST ———— WSDOT Highway 530 geotechnical borings ———— EAST cross-bedding common. Typically poor in Glacier Peak dacite and (or) pumice (0-5%). However, primary metamorphic amphibole to form blueschist instead of greenschist; greenschist and blueschist
borings B21 and B22 (cross section B-B') (NE% sec. 10, T. 32 N, R. 8 E.) B o -~ § B’ some of the outwash sands and gravels south of the Stillaguamish River contain as much as 40% are 100?“3’ 1nterleavc?d at outcrop .scale (Haugerud and others, 1981; Brown, 1986; Tabor and others,
550 — © . T _ §§ S S S — 550 dacite and pumice probably derived mostly from the late-glacial White Chuck assemblage. Terraces 1988, in press; Morrison, 1977; this study).
—436 E 3 ag 5% 5 Qj N composed of recessional outwash deposits probably formed as kame terraces. Locally divided into:
Lahar: subangular to subrounded cobbles £l 3 56 2 e o 3 3 Qusk
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vertical exaggeration 20x
Note that the cross sections are not straight lines but segments that connect geotechnical or water well boring logs ' ' ' '
and thus contain multiple bends. Most segments traverse areas of good to excellent geologic mapping control. 2 002 This report was produced in cooperation with the
covered covered to creek level The numbers above the wells or borings provide our assigned identification number; water wells begin with "W" U.S. Geological Survey (USGS) National Cooperative
370 and geotechnical borings begin with "B". Geologic Mapping Program Agreement Number 01HQAGO0105




